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(57) Abstract: A method of manufacture of a vehicle 
mounted rotary concrete mixing drum of the type having an 
opening at one end for receiving and/or discharge of concrete 
therefrom and at the other end, means for engaging a drive 
assembly so as to rotate the drum for mixing or discharging 
concrete. The drum is manufactured from at least one mould 
using at least plastics material and further includes integrally 
attached vanes outstand from the intemal surface of the drum 
forming an archimedian spiral disposed such that when the 
drum is rotated in a first direction, the concrete contents are 
mixed and when the drum is rotated in a second direction the 
contents are dischai^ged fiom the drum; wherein, the method 
comprises the steps of; a) preparing a first generally helical 
inner mold part containing a surface extending, between first 
and second helical edges; b) mounting the first helical inner 
mould part on a support c) enclosing the inner helical mold assembly within an outer mould formed by at least one outer mold 
part; d) fitting a second mating irmer helical mold part to the first inner mould part to form an inner mold assembly; e) injecting 
a polyurethane elastomer into a cavity defined by said inner mold assembly and the outer mould assembly to form an inner wall 
element comprising one half of an interior wall of the mixer and one helical blade; 0 allowing said pol5rurethane to cure; g) removing 
said at least one outer mold parts to expose said inner wall element; h) removing said inner wall element one said inner molds; 
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VBHICLB MOUNTED CONCRKTO MDONOPRUM AND METHOD OF MANUFACTURB 

THEREOF 

BArKGROTJND 

The present invention relates to concrete mixing apparatuses and noioie psirticidarly relates 
to a vehicle moimted plastics drum for mixing concrete and a method maaa&oture 
thereof 

The building industry makes widespread use of concrete mixiiis trudcs for tcansportaUon 
of ready mixed concrete to sites for concrete pours. These trucks typically comprise a 
large mixing assembly including a mixer drum mounted to the vehicle and \^ch is 
connected to a mixer drive for mining concrete contents during transportation and fbr 
discharge of the contents CdOi site. The drive system comprises a gear box lAduch takes 
power fiom the vehicle motor and ^ich applies a mixing torque to the drum ttnparti«^ 
axial rotation to the drum with the torque being adjustable depending txpon tiie operating 
requirements. The above general arrangement ^ts described in United States patent 
4»S85^S6 yMch discloses a concrete mixer truck having a mixer dram adapted to be 
rotated by the traction motor of the vehicle tibzou^ an auxiliary transmission of the 
traction motor transmission. 

According to the known vehicle mounted mixing assemblies^ tiie mixing drum is typically 
of heavy duty steel construction and is disposed at approximately 10 to 15 degrees from 
horixontaL The drum is fitted with iotemal vanes or mixing blades defining an 
atchimedian spiral so that as the drum ro^tfes in a first direction the concrete held therein 
is mixed and as the drum is rotated in the opposite direction^ ^ concrete is discharged 
from the drum via an elevated discharge orifice under the reverse action of the internal 
spiral varies. The drum, is disposed such that the drive end is lowest and the dischaigje etui 
is highest telative to a gmerally horizontal plane of the vehicle. 
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While steel dnum have been in use fi>r many years, ibey suffer fiom a number of 
ftftftti^firit disadvamages reladng to their cost of mami&cfcure and r^lacement, worldxQ 
life, wear characteristics^ weight and volume. 

Steel drums are e;q>eDsive to manu&cture due to their labor ixitensivc construGtion vidch 

5 involves rolling steel sheets into conical portiom and cylinders v^icb once M»jcated are 
ibeu welded to form the finished tank. Tlie aichimedian spirals formed from flat sheets 
are tben welded into position inside tibe dnnn. As concrete is a highly abrasive material, 
internal surl^s of steel dnims aie siibject to significant wear abrasion. This occurs 
particularly on ibe sur&ces which take slump in^iact, sliding friction and shear load 

10 leading to eventual wearing out of the dnim, 

Tyi^cally. a steel drum used eveiy day nugbt last three to five years, thereafker requiring 
replacement at significant cost Ibeabrasionof internal surfrices is increased where fliere 
axe changes of slope in the drum walls usually where the segments of the drum arc joined 
The mixing blades are welded 1^ the inteinal su£&oe of the drum causing sbaip angled 

15 recesses in ^^ch concrete can galher and eventually build vsp degrading the internal 
surfiu^e and providing a catcbment fyr fhnfaer unwanted build vp of concrete. By its 
nature^ a steel sux&ce is relatively smooth and whilst this may be desirable for the 
purpose of preventing concrete build up on tte walls of the drum, the intei&ce between 
' the concrete and steel waUffi an area ofabrasion rather than concieie mi 

20 Ideally, mixhig of concrete should take place ffaroiig^ut the whole mix, but in the sted 
dnuns, optimum mixing does not take place at the boundary layer and id crevices in 
which concrete may collect In fiict, dw to the rs^tore of the frictional intrafiux: between 
the steel sur&ce and concrete boundary layer^ laminar flow occurs resulting in little or no 
mixing at the boundary layer. The reason fbr this is that the a^regate in the concrefe 

25 slides and abrades ( with reduced or no mixing) rather than rotates to &ciUtate mixing. 
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Thus there are ' dead' spofs in nkix wbere tuo mixing takes place and where tiiere is an 
. iijoteased potential for vOkywtb&A collection of cononete. In addition to the above 
problems associated with the use of steel mfxing drums, there are cost end wei^t factors 
which add to inherent inefficiencies in use of steel dnims. Due to the dead wei^ of ihe 
5 steel drum, its vohune tnust be restricted so the combtnatibii of tiie dead weight and 
concrete wdgbtmustbe maintained within the maxinreim aHowable loading limits for the 
vehicle to which the drum is attached 

An alternative to the knovwx steel draaas was proposed in PCX International patent 
application PCT/AUOO/01226 to Rodgers axui Kbowi That application teaches the 

10 possibility of using a lig^itwei^t ma^'al such as plastics tot construction of a cona:ete 
mixing drum as a substttute for steel vt^iilst recognizing that thm were numerous 
struc^nal and manufacturing difficulties to be overcome in making the transition to 
plastics not the least of which was tho production of a drum which could withstand the 
high static and dynamic loadings to which tnidc mounted mixing drums are subject to in 

IS normal operation. If tbie weigibt of the drum could be reduced without compiomisiag and 
possibly increasing drum volume^ the weight reduction could be taken up with additional 
concrete thereby increasiag the pay load 

There axe variety of concrete mixing drum arrangements disclosed in the prior art none of 
which as fir as the inventor is aware anticipate the method of manu&cture of a plastics 

20 drum to be d^c^ribed herein. 

United States patent 4.491,415 discloses a li^btweighf; pear shaped rotary mhdng device 
open at one end and having an axially elongated socket at the large end The drum is 
rotBtably supported on a imitaiy base having a transversely extended forward end and an 
i:^wardly and angularity extendihg rear end providing a bearing portion detacbably 

25 engagable widi the sook^ to rotatabiy si^port the drum at an ioolination of about 35 
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degrees. The drum has a plurality of axially ^rtending radial fins for lifting conteafs m 
rotation tiiereof and is ptelGbiably &shioned fiom molded plastics matrala! either as a 
tmhary body ckr as a plurality of interfittmg parts. The drum described in this paCmt is for 
light duty operation and does not have the structural and materials chazacteristics 
necessary for heavy duty concretB mixivig operations. 

United States Patent 5,1 1 8,1 98 discloses a cement mixing apparatus with a cradUe support 
assembly and including a polyelfaelync cement mixing drum held and supported by a 
cradle ana asseitibfy formed of cradle base siq>port braces and upright cradle aims which 
inter£t into cradle arm recesses which axe preformed tvifh tb& polyethylene dnnn. A bull 
gear drives ihe polyethylene drum. The drum disclosed in this patoat is intended for light 
duty cement operadcms and does not address Oie siruotuzal and mamifaoturing 
requirements for heavy du^ operations. United States patent 5,492^401 discloses a 
cono'eto mixer with a mixing drum consisting of high density crosslinked polyethylene 
materiaL The drum includes a bottom si^yported buy a conventional rigid metal pan 
secured to tbe external sitd&cis thereof to tigidify the pbstie drum and extend ttie life 
expectancy of the plastic drum by enabling the oonciete mixer to be used to oonqdete a 
mixing job at a job site eveai though movement of the concrete mbc ^within the drum 
during repetitive mixing cycles may ultimate^ wear a hole fttougii the Ix>tt:om of the 
plastic drum. Paddle assembles are positioned inteciorly of the drum and oriented to 
mamtain mimmum splashing duriz^ the nrndog operation. Not only is the drum disclosed 
in this patent unsmtable for heavy duty vdiicle mounted operation the patent in foct 
teadies a nneans to accotmnodaie a wear fiiluro on site whereby a hole could be worn 
through the wall of the drum 

The prior art teaches ^lse of plastics drums for small cttnent mixing operations. However 
there are inherent di£5culties isx maxiufiu^turtng plastic drums to an acceptable stmdazd of 
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streoglli and reliability. Plastics dnnsfi lequiie use of mteri^ 
tyy use of a mould As the disc^ge op^3i^ 

ibe drum, it i& not possible to remove a mould from an inn^ sur&ce unless the dzum is 
loade in sections vidiich can be joined to fonn the di^ A number of methods 

5 of smnu^cture of plastics heavy duty mixing dnnns have bera proposed in PCT 
application PCr/AUO0A)1226 whidi discloses a heavy duty rotaiy conciete mixing drum 
fyr attachment to a vehicle vvfaioh is characterized in that the drum is manu&ctured Shorn 
at least one mould and fiom at least one plastics material and wherein the drum includes 
an inner sur&ce having a property which proinotes mixing of the ooncjrete at the boundaiy 

10 layer brtween the concrete and said mnear suifaoe and reduces wear. 

A number of difiSsurent methods were proposed in that application for the manu&cture of a 
drum of tbe type disclosed. 

The present invention seeks to provide an alternative method of constniction of a 
IS heavy duty vehicle mounted xotating cement or concrete mixing drum &brioa^ fiom 
plastics matBiials. Ihe drum produced 1oy the method of the invention described herein 
overcomes th^ afozesaU disadvantages of tbe senior art and piaintains e^Gcient concrete 
mixing chaxaot^istics. According to the invention there i& provided a meOxod of 
construction of a plastics concrete mixing drum wherein the method includes the use of 
20 toner and outer molds eadi made up from separate mould parts which are divided along 
two helical lines mid way between the mbdog blades thereby aOow formation of a drum 
interior fix>m two i^^ntical molds. 

In one broad form tbe present invention coziq>rises: 
a method of manu&cture of a vehicle mounted n>t»y concreie mixii^ drum of the type 
25 having an opening at one end for receivizLg and/or discharge of concrete therefiom and at 
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the other end, ineans for engaging a drive asseaaobly so as to xolate the drum £br mixing or 
dischai:ging concrete; wherein, the drmn is mamdaotored from at least one mould usinig 
at ]ea$t one plastics material; wberein tbe drmn iurther includes xxrtegrally attached vanes 
which outstand from the interiral sur&ce of the dram fbnning an arohimedian spiral 
disposed sudh that v/bcn Ihe dron) is rotated in a first direction, the concrete contents are 
mixed and when tbe drum is rotated in a second direction Hie contetits are discharged 
from said drum; herein, Ihe method comprises the steps of ; 

a) preparing a &st generally helical inner mold part containing a sud&ce extending 
between first and second helical edges; 

b) niounting the fust helical inner mould part on a support 

c) enclosing tbe inner helical mold assembly within an outer mould fijnned by at least 
one outer mold par^ 

d) fitting a second mating inner heUeal mold part to the first inner niould part to for^ 
inner mold assrafl^ly; 

e) injecting a pol3nn'ethBne elastomer into a cavity defined by said inner mold assembly 
and tbe outer mould assembly to form an inner wall element comprising one half of 
an interior wall of the mixer and one helical blade; 

Q allowing said polyurefhane to core; 

g) removing said at least one outer mold parts to e^g^ose said inner waU element; 

h) removing said inner wall elementoneofsaid inner molds; 

T!^ method preferably conuxcises the additional stepofplacingarexnfbtcingmemiberina 
recess formed in said inner mold part Ste^ a) - h) are repeated ttuoeby provxdtng a 
second helical inner wall element Tbe first and second helical inner wall elen^ents are 
complimentary and combine to form an inner wall sur&ce of the mixing drum. Tbe first 
and second helical inner wall elements are then preferably placed into a jig where 
opposing edges of said elements are held acyacent; the wall elements defibt3iDg an inner 
«ivity of said drum. Opposing edges of the elements are sealed to complete the inner waU 
of the drum The inner wall is removed from the jig and placed the inner waU on a 
mandrel such that the mandrel is disposed in the inner cavi^ isplacedOT 
the mandrel via anopenendof the inner waU whereupon structural layers of glass fibre 
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reinforced plastic are applied to the polynrelliaiiG itmsT layer. Preferably, the internal 
$ur&oe of Hie drum tncludte an efBStoam vMoh will allow nuxing of the contents of the 
eonctete at a conci^fe boundaxy layer; 

The re jjtjiforoing member is preferably a eontinmijs rope inserted in a recess in a ibrmation 
5 which will fbrm l^eJical blades. 

The method inchides the use of ixmer and outer molds eajah made up from separate 

mould parts which are divided along two hdical lines thereby aUowbig formation of a 

drum interior wall from two compLsaoeiiiazy mould parts. 

In ajiotfaer broad £bn:n the present invention 

10 a method of manu&cture of a vehicle mounted rotaiy concrete mixing drum of the type 
having an opening at one end for receiving and disohaige of conciete therefrom and at the 
other end means finr engaging a drive assenoibly so as to rotate fiie drum for mixing or 
d^chaxgUQig concrete; wbmin, the drum is mami&etured fiom at least one inner mould 
and at least one opposing outer mould; \^rfieiejii die drum includes integrally attached 
' 15 vanes which outstand from the intenial i^ur&ce of the drum form^^ 

disposed sucb that whea the drum is rotated in a &st diiedion. the concrete contents are 
mixed and when the drum is rotated in a second dnecfion the contents are disdbarges from 
said drum; and wbendn the internal sur&ee of tiie drum is formed or Imed whli an 
elastoofer v^ch causes nuxing of fbe conteits of the concrete at the conciete boundaxy 

20 layer; wherein the method comprises the steps of ; 

a) preparing a fust ntmer helical mold containing a sur&ce intennediate side edges of 
the mould; 

b) placing a leinfbzcingiod in a recess in said inner mold; 

c) enclosing the inner helical mold assembly wttfain at least one outer mold part; 

25 d) seaHngajointbetwerasaMinni»'n3oM part and said at least one outer mold part; 

e) injecting a pol^yuiediane elastomer info a c^^ andsaid 

at least one outer mold part to form an inner helical wall element comprising one half 

of an interior of tbe mixer and one helical blad^ 
g) allowing said potyurelh&ne to cure; 
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h) leinovioes^cl at least one outer mold parts; 

i) removing one of said izmer molds; 

j) removing tibe immor polyttfetfaane inner helical wall elemeot molding from the 
remainder of ihc inner mold assembly; 

5 k) repeating steps a) - j) to form a second inner "weiS] element 

Preferably when a first and a second inner wall element are placed in a jig jointing 
sur&ces are held adjacent to enable sealing the join formed by the jointing sur&ces. 
Accofding to a preferred embodiment^ a mandrel is sos^rted into an open dischaJgo end 
of a dnim interior foUowing which sfracturalkyersofg^ fibre reinforced plasti 

]o ^ wound about an outer sur&ce of tbe inner walL 

In anotiier broad fi)rm the present invent^ 

a method of construction of a plastics mixing drum comprising the steps of: 

a) preparing a fixist inner mold containing a sui^ice extending firom a joint line nu^^ 
15 between two helical blades to a mid line mould joint line at an inner edtge of said blades; 

b) ^placing a reinforcixxg rod in a recess in said inner mold; j 

c) fitting a second mating inner hehcalniold to finm an inner mold assenJibly; 

d) enclosing the inner helical mold assembly widun at least one outer mold part; 

e) seating a joint between said inner mold assembly and said at least one outer muold 
20 par^ 

ixyectingapolyuiethaoeelastomierikitoacavi^ 

said at least one outer mold part to fiHrm one half of the interiix' of the mixiBr and one of 
the helical blades; 

f) blowing said polyurethane to cure; 

25 g) removing said at least one outer mold pacts; 

h) removing one of said inner molds; 

i) removing the interior polyuratfaane molding fiom the iCTaainder of the inner mold 
assen[d>iy; 

j) plaomg said two helical blade and interior moldiugs in a jig where the jointing 
30 sur&ces are held acyac^Qt; 

k) inserting a mandrel into an open discharge rad of tbiednmu 

1) applying structural layers of glass fibre reinforced plastic the polyuxeQuane lay&c* 

Pse&cably the nznfbxcing 19 fitted u^sg spficeis ^wfaich centnliae rdoDibning xod or ix^ In its recess. 
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Preferably fbe jSrst atud second inner helical mold elements are jointed with a sealing 
conq^olmd or gaskets along an inner edge. Acu^rdtngio one excibodu^^ 
is formed in diree separate xDOld pMs. 

Preferably, a jomt between tbe two inner belica] elenjents fonning a helical blade is made 
with a polymietibaiie elastomer compound. 

In anodier broad form liie present invendon comprises: 

a method of maxui&ctine of a vehicle mounted cooorete mixing dnam oonopising &e 
stopisofi 

a) takingafaeUcaIim)ermouldpaitandn3M>imlingti3firaoiddon asi^^ 

b) placing at least one extmiial mould in opposing relatiom 

c) iqfec^g a flomble material into a space fbnned betiveen said ttttter monld a^ 
outer mould sixch that i]]e£U>vvable material fori^ helical element vvhxohvnDil&nn 
at least part of an inner sur&ce of said drum; 

d) lemovmg the at least one outer mould; 

e) ieDX»vmg the helical element firom said inner mod^ 

f) lepeafing steps a) - e) so as to form a second heKcal element; 

g) preparing an exterior sur&ce of the helical elements for bonding to a structural layer 
of glass fibre. 

Preferably, the flo^^vable material is polyurethane. 

In anothi^ broad form of an apparatus aspect the preseait invention conq>rises 

a vehide tnounted rotary concrefe tnixin^ 
end for receiving and/or discbarge of concrete therofiom and at the other exid, means for 
engaging a drive assembly so as to rotate the drum for mixing or discharging concrete; 
vs^erein, the drum is manu&ctored fiom at least one moxdd usxixg at least one plastics 
material; Tudu^ein the drum forih^ includes integrally attached vanes wbich outstanid fiom 
tbe inteznal sur&oe of foe drum forming an archimedian spxral disposed such that when 
the drum is rotated in a first directioit the coDcte^te contents are mi^cedand ^^rfien tihedrum 
is rotated in a second direction the contents are discharged fi^om said drum; wbeirein» the 
drum is formed by a method conqirising the ^iqps of ; 

a) preparing a first generally hetical inner mold part containing a sui&ce extending 
between first and second helical edges; 
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b) mulxtingtbefim helical^ 

o) eoclosuig Ihe ixmer helical mold msemtfy witbin an outer mould fom^ hy at least 
end ouiier mold part; 

d) fitting a second nuiting inner 
ixmer mold assembly; 

e) injecting a polyiirethan© elastomer into a cavity defined by said inner mold assexribly 
and the outer mould assembly to ^rm an inner wall element oonxprising one half of 
an interior vvall of the mixer and one belieal blade; 

£) allomng said polyuretbane to cure; 

g) iCToving said at least one onter mold {Wts to 

h) lemovingaaidinxu^ wall element one of said irniermold^^ 

In anoth^ broad form of the apparatus aspect, 6ie present invention comprises: 

a. v^cle mounled concTete mixing drum formed by a method of mamofitcture conqprising 

Ihe steps of; 

a) taking a helical inner noould part and moiindng the mould on a support; 

b) placing at least one external mould in opposing relationship to said inner mould; 

c) injectmg a fiowablc material into a space formed between said inner mould and said 
outer mould such that Ibe 0owable material forms a helical element which will fonn 
at least part of an inner sur&ce of said drum; 

d> jBoioving the at least one outer mould; 

e) mmoving the heUcaJ element finom said inner mould; 

f) repeating steps a) e) so as to ibrm a seoond helical elemra^ 

g) preparing an exterior sur&oeoflhe helical elements fo^ 
of e^s fibre. 

Preferably ihe fEowable material is poiyuretiiane. 

According to one embodiment fte helical blades pmjeofing firom an rrmer surface of said 
drum have a pitch dimension of between 1- 2 meters and axe &nned by elastomeric 
material. Preferably the waU strength of said drum is around 600^4Pa at a wall thicks 
of 8mm. Pre&mbly the polyuretfiane forms an inner lay^ which is sqpproxin^^ 3mm 
thick. 
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^ Fredferably Ute structural layer coxyqprises jBIameat windings foraiiiig a layer of 
approximately 5mm thickiiass. 
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Iti imotlijBr broad fanxx the present invention comprises; 
15 a heavy du^ rotary concrete mixing drum capable of aitadhnient to a vehicle; the drum 

comprising a first end which engages a drive assembly wMch rotates said drum fyr 

mixing of said concrete and a second end from which mixed concrete is discMtged; 

wfamin said drum is tnaniifactured fiom at least one hyer of plastics mat^ial whenein the 

drum includes a wall having integral internal formations which promote mixing of saM 
20 concrete and an inner snr&ce which promotes mixing of the ooncieta at flie boundary 

lay^ between the concrete and said toner snr&oe; whejceinihe drum is fbrmed according 

to the method steps of: 

a) taldfiig a helical inn^ mould and mounting the mould on asupport;* 

25 b) placing at least one external mould in opposing relatibnshiqp to sa^ 

c) injecting po^urethane into a spfwefbnnedbetvv^ 
mould; 

d) removing the at least one out^ mould; 
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e) lemoviag a teUcal blade part from said injw 

. {) repeatixig steps a) - so as to fonis a second helical bla^ 

g) matmg the first and secood helical blade parts with an interior sh^U; 

g) preparing an exterior of the druiti for bonding to a structuial layer of glass fibre; 

sh h) winding the stnictural layer about said exterior. 

DETAILED DESCRIPTION 

The present invention will now be described according to a pcefbned but non limiting 
embodinxent and with reference to the acoonspai^yiiig illustratioiis wherein: 
10 Figure 1 shows a side elevation of an inner helical mould part; 

Figure 2 shows a side elevation of the mould part of figure 1 including e?qpIoded 
external moulds; 

Figures shows a sMe view of the inner nsould part of fiignies 1 and 2 fiilty enclosed by 
exteamal mould sections 

IS Figure 3a shows an enlarged view of external moulds exploded £rom a helical blade paxt; 
Figure 3b shows an enlarged view of the assembly of figure 3a with outex mould parts 
moulds assembled. 

Figure 4 shows outer mold sections e>i|>loded from die inner mould assembly upon 
completion of ixgection of an eJastcmer. 
20 Figure 5 shows a beltea] blade part produced by and removed fiom the inner mould 
assembly of fi^e 4; 

Figure 6 shows a coupling of separate and complemenfaiy helical blade parts farmed 
by tibe arrangements of figures 1 and which form an ixmer wall of tiiedrum; 

Figure 7 shows a housing for assetnblty in which the inner wall of the drum is placed 
25 after mouldfQg helical blade parts for preparation of the blade parts to receive 

an outex structural layen 

Figure S shows an assenibly including a mandrel for mounting said tuner payer for 
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s^Iying an outer stnudtural layer of ^ass fibre; 
Figured sbo^acon^Ietoddnjun \dih 

The concentrated wear points m tbe prior ait steel drums reduces ihQ working life of tiie 

5 droDss Djecessitatiss cosdy repair or leplacemant Steel drums are &bricated fiom rolled 
flat sheets which form cones and a cyJind^ which are then joined logeOer by weikUng. 
Axchimedian spirals are titen welded to Ihe inner surftce of the drum restiltintg in a high 
specific gravity vessel whose self weight reduces the . amount of conerete wJuoh can be 
carried by the vehicle to which it is attached. Tbe steel drums suffer fiom a nuniber of 

10 disadvantages including susceptibilily io abrasion at the junctions of the cylindrical and 
conical sections and the tendency for unwanted concrete build up at the. sharp comers and 
crevices formed by tbe mixing blades. In addition, the smoodi internal sur&ce of the steel 
drum promotes slidiiig abrasion and iiihibits mixing at ttie boundary layer due to the low 
coefiScient of fiiction at the concrete/metal inter&ce. 

IS Tbe method to be described below is an alternative to both steel drums and the plastics 
drums fc»med by Ihe methods of manu&ctute described in Intgmational Patent 
application No. PCT/AtJOO/01226 to Rodgm and KhourL According to the melibod, a 
plastios heavy duty oonorete mixmg drum is formed using both internal and external 
moulds. The drum includes an internal arclnmedian spixal fimned by helical blades or 

20 vanes which mix com^rete during rotation of iho drum in one direction and discharge 
concrete vfhen Ihe drum is rotated in an opposite directton. Tbe drum is generally pear 
shaped and includes an opening at one end for enlzy and discharge of concrete. 

25 Ilie first step ixx the m^sithod according to one embodiment involves the use of an uxteraa] 
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mould A polyizreOiane dnun interior conq)]ete with internal helical blades is ftrmed 
between an mterior and an exteiior mould set Ibe ex^bdrior nooulds are easily renK>V8d 
afiesr liie polyunstiiane is formed, however because Hie mixer is a olosed vessel vn& the 
disohai]^ opening smaller tbaa liie maxftnom diajtneter, axid due to the eomplexitsr of 
tbe blade moulds, it is not possible to form the interior as one coinplete pfece aiod then 
remove Ibe mouH Ajccoidin^y^ tbe elastomeric drum interior is moulded in sections 
which can be removed from the moulds, amd then joined to focrm Ae con^Jete inteaior. 
This interior is ttien reinforced wilii structural lay^s to coix9>let)e tbs mixer. The jotnins 
together of two cozr^ylementary inner wall sections indiich are eadz &nned by tbe same 
method steps sequentiaUy is a niew approach Id formu^ known in the 

prior art 

Ke&trmg to figure 1 there is shown an assemblly 1 which con^^rises a support 2 vfbich 
receives and leiains tisereon a helical mould pait 3 . Mould 3 is shown in profile by line 4 . 
Mould 3 is initially prepared in a separate mould having a bclioal interior so that mould 3 
conforms to the shape of that interior. Once mould 3 is formed^ it may be transferred 
manually or otherwise for mounting on support 2 in preparation fbr reoeivhjg external 
moulds. Figure 2 shows a side elevation of fiie mould 3 of £igure 1 wiQx esKpIoded 
opposing external mould parts 5 and 6. Mould parts 5 and 6 encapture mould 3 but leave 
a generally helical cavity therebetween. Once externa] mould parts 5 and 6 have been 
secured and sealed^ polyuretbane is iiyected into the aforesaid cavity. It wifl be 
appreciated by peocsons skilled in the art thai more than two extendi moulds may be used 
to fidfiO tbe same ob^^ctives of encapsulating mner mottid 3. Figure 3 shows a side view 
ofthe inner mould 3 enclosed by exfieroal mould sections 5 and 6. 

Figure 3a shows an enlarged view of extecmd moulds 5, 6 and 7 exploded fiom inner 
mould 3 revealing a section view of a part helical blade 8 retrieved fiom the cavity 
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defined by outer i»ouIds 5 md 6 ood bmia: xnoidd 3 following ijyection of polyureUiane. 
Tigure 3b shows an ^ilarg^ section view of tiie assembly of figure 3a vnSi moulds 
assembled. Moulds 5, 6 and 7 ar^ shown in figure 3b in abutting relationship with part 
heUcal blade 8, which is forzoed by injection of a polyureHiane elastomer ioto a cavity 
fimned between moulcb 5^ 6 and 7. 

lR£&Fring to £igi3re4 there is shown outer mold sectioiis 5 and 6 exploded from the 
intter toould assembly 1 upon completion of injection of an elastomer. Upon removal of 
imier mould section 3 part helical blade ( or blade element) S which has beoD fbrmoed 
ftom tiie elastom^'o material injected into tbe cavity defined by assembled external 
moulds S and 6 and inn^ mould 3 as shown hx figure 3 may be released. Figure 5 shows 
a first heUcal blade part 8 formed in a first helical ( azchimedian) spiiaL Tbe above 
described process is repeated once again to form a second helical ( archimedian) spiral 9. 
Helical blade part 8 forms one half of a completed helical blade which is integrally 
disposed on an inner sur&ce of tbe drum formed by the i^ooesses described hereia A 
repeat of steps described wiih reference to figures 1-5 result in a second hdical itm^ 
blade element 9 which co operates wi£h and is cozDplementary to Belief blade element 8 
to fbrm a coiqpletcd inner wall including inte^al helical blade Figure 6 shows a pair of 
helical blades 8 and 9 formed by the assembly and process as described with reference to 
fiigures 1-5 . Blades 8 and 9 are hi tbie fbrm of two parallel helical spirals spaced ait 180 
degree axial phase dififerenoe each with a reinforcing rod 10 ( see £(guies 38 and 3b) in 
the interior edge, which may be a continuous filament and resin rope. As these blades aie 
integral with the interior sur&ce of the mixer, it is convenient to join these two structmes 
along two heUca] tines midway between the blades. In this way the interior is formed as 
two idmtical mouldhxgs which can be ranoved fixim the interior mould 3 and extericnr 
mould sections 5. 6 and 7 and whidi also contain the conQ)lete reinforcintg rods 10. 
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The exterior moulds conlaiti a layer of glass rettiforced plastic ivbich boxuJs to fiie 
polyurethane which is formed, against it In this way the two njouldiogs are fonned with 
two helical jointing lines mid way between the blades and a stiff inner shell ready to 
5 receive the structural layers is formed. 

Accoidmgtooneembqdin)j&nta ptefeibred method of iiianu&cturing the 
fallows. 

10 The inner helical mould 3 which includes the sorfece which ejtitends fipom a joint line mid - 
way between two formed helical blades ( S and 9) to a mid-line mould joint line at an 
inner edge of the blade. Urn sur&ce &ces towards ihc drive end of the mixer and 
contains a recess for the reinforcing rod or fDament rope 10. The next step is fitting 
rein&rciiigrodIO with polyurethanespacei^, wfaidicentcalizetfaerodin axecess ininn^ 

IS moiddS. 

A making inner helical mould is prepared and fitted and is jomed with sealing! gaskets 
aloi^ its inner edge. The helical inner mould 3 is enclosed within the three external 
moulds 5, 6 and 7, Ihe sur&ccs of which are pre coated with glass fibre reinforced 
plastic, to provide an iiiterior moulding to the polyurethane elastomer. Seals are 

20 incoiporated into a joint formed between the inner and outer moulds. Followii^ this the 
polyurethane elastomer is moulded into the cavity formed between the iimer and outer 
moulds. The elastomer polymerizes to form blade 8 which comprises half the interior 
layer ofihe mixing drum The polyurethane is allowed to cure wherei^on out^ moulds 
5y 6 and 7 are removed to e^se an inner shell and outer surfibce of ttie polyureGbane 

25 blade part 8. This allov^ removal of the helical blade part 8 and intescior polyureAane 
moulding. The above prooess. is repeated to provide a second helical blade part 9 and 
haterior moulding. ThetwoheHcalblades 8attd9 aretheiias8enfl>lediuajig U asshov^ 
in figure 7 \tAe3reap0n they are joined together using a polyurethane elastomer compound 
At diis stage of the processing a drive ring is applied to the polyurethane layer whidx will 

30 form the inner layer of the mixing dtumi into jig is removed and the now fbnned inner 
layer of the drum is transferred lo a winding station as shown in figure 8, 
A steel mandrel 12 is it^s^rted into the open ( discharge ) end 13 of the mixer so that it 
reaches tibte drive ring which is common to heavy duty drums of fiiis type. The drive ring 
which imparts rotation to the mbcet is spigcitted and drilled to suit a gear box flange. The 

35 ^ass fibre reinfiiroed plastic extenor of tbe polyureOiane interiodr is bonded to the drive 
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ring and allowed to cue. The glass fibre reinforced plastic exterior is extended over the 
discharge end support flange which then Ibrms an eziclosed vessel against the mandrel. 
An inflaiioj) pressure is applied to the interior of the mixer to ensure it conforms to fte 
iaiterior of the jointing jig. The top half of the jig is removed and the external surfeee of 
5 the polyethylene joints is covered with glass fibre reinforced plastics. Following that, the 
external sur&ce of the moulded polynretha^ interior of die mixer is prepared &r 
bonding to ibe structural layer . 

Structural layers of glass fibre reinforced plasticare applied by one of the known methods 
standard to liie usdustty such as : 
10 a) Contact moulding of random and/or diicectional glass fibres and resin. 

b) FOamuent winding. 

c) SuE&cQ feiwhing by fiUtng and grinding or/ Mouldmg a gel coat finish using 
vacuum or pressure. 

The winditig step is conducted a^ drum inn^ layer 1 1 is mounted on nuandrel 12. ( see 
IS figure 8> As represented by figure 9, fbo final step in the constxuction of the drum 14 
involves the installation of the trade ring 

These are known in conventional heavy doty drums and comprise a (^Ifndrical xafll 
attached to the mbc^ adjacent to the discharge end and which is siq^ported by two xollets 
to allow the mi:i^ to be rotated by the gearbox at tb& drive end The nng is held in 

20 position wiffa rubber gaskets vi^iicb sea] to the mi^ 

the mixer is filled with a liquid polyuiethane whicii bonds to both as it gels and cures. 
In operation tills elastomer transrnits the loads fiom the mixer shell to the steel track ring 
and hence to the steel support rollers. In this way the concentrated loads ace spread and 
only low stresses are transmitted via the elastomer to Ihe mixer shell 

. 25 According to one embodiment; a computer may be employed lx> program and control the 

ddrvery of Ihe polymer to tihe mold su&ce and the application of the structural layer. 

Th^ winding of a fibre reinforced structoral layer may involve computer controlled 
unwindhig of reshi wetted fibre rovings from around a rotating former. The tensile 
30 strength of the windings n)ay be in the order of 600 MPa. To obtain the optimum plQ^sical 
properties of the filament wound structure flie fibres are aligned to the loads imposed in 
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use of fbe finished dnna Typical loadings w the dmm aie axial bending under wdgjit of 
^wet conciete, an applied dynamic load at the drive end of the dnim» driving torque and 
support loads at discharge end trunion tt>n$. The \yinding pattern of the filaments aligns 
tbe fibres to mthstand bending stresses^ increasing in angle and in wall thickness towards 
the discharge end to acoommodate applied roller loads. 

The rovings which line the drum may alfematrvely be drawn flnough the resm bath and 
applied to the sur&oe of the drum as a wide ribbon comprising thousands of tensioned 
fibres. The windings overkqp until the required thickness is reached Tbo surfece of the 
drum may be covered with wet resin and small irregularities vihich need to be a<kiiessed 
to p3:ovide the external finish. As a result of ihis construction, the spiral mixing blades 
inside the drum are capable of withstandhig hig^ bending and shear resistance during 
mixing operations. The inner elastomeric suritee is big^y resistant to abrasion by 
concrete yet it is softer and li^Wer than the steel equrvalent The higher resistance to 
abrasion is jSstcilxtated by the natural elastic definmation of the elastomer which absorbs 
the kjoetic enetgy of the concrete partioles without gougn^ of it^ stnd^ matma). In 
addition, due to the pr<^>«rty of the inn^ surf^ \^ich Will pre&rably be polyuretbane^ 
the concrete} will be mixed rather &an slide at the boundary layer ensuring efficient 
mixing of the concrete tlmu^out the mix and reduction of abrasion due to the smooth 
curves ifaniughout.the interior of the drum. 

Furthermore^ the blades are strengthened by their molding integrally with the wall of tte 
drum and have a stifiSiess fiictCH' vAich will sustain all applied normal operating loads. 
A fkirther advantage in the use of pkistics fin* the mixing drums lies in the them^ 
popertles of the plastics material. Hot conditions are undesirable for concrete mixing as 
they accelerate hydration reducing concrete workabili^ wfiich is an essential property 
required immediatebr &llowirig a concrefe pour. \sk veiy hot climatBs, the conv»tional 



18 



wo 03/101694 



PCT/AU03/00664 



9teel vehicle motmled miTttog drums conduct bigjii beat loads v/bkt increase heat at the 
concrete boundaiy layer due to contact wifb Ifae siqper heated dram wall causing imvvanted 
accelerated hydratiOB. This phenomenon is di<)icult to avoid with steel drums as tte 
cQDductfvjty of steel l^ds to hi^ conductive heat transfer from the outer skin of the 
drum to the inner -wall which is normally in contact wilb liie concrete. In some hot 
climates, ice is placed in the steel drums in an atdenopt to arrest temperature inmase 
inside the drtun. As concrete hydration is an exothermic reaction, it is sensitive to 
QKtemaJ temperatuces. Accordingly it is clestrable that the concrete temperature zemaxDS 
acceptably low to ensure a satis&ctoiy love] of vra^xlcability and to retard hydration. Steel 
drums heat up signiffcanjfy and conduct hdat through tfaeur ftlckness makmg tito cosoymfe 
vuh^erableto the vagaries of temperature OveifaeatiiigoftfaeconcTOtemixisa 
problem to be avoided and has in accordance with one aspect provided a method of 
manu&cture of a plastics drum to take the place of the conventional stee] drums thereby 
reducing the unwanted eiSfeces of li^ tfaennal conductivity ^ical of the steel drums. 
The plastics drum allows the conctete to remiain woricable inside the drum &r longer 
periods compared to concrete in steel wixing drmm mdesr the same external temperature 
conditions and transporting concrete. 

The method of comtrvction of a plastics concrete mixing drum as described herein 
provides an alteniative yet efilcient method of produetun of plastics diums. The mediods 
descnbed herein allow Sot mass production with reduction in the mmib^ of production 
steps conajMured to the kxKywn methods. 

It will be recognized by pmons skilled in the ^ that numerous variations and 
modifications may be made to the invention as broadly descnbed herein without 
departing fiom the ovecrall spirit and scope of the invention. 
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THE CLAIMS DEFINING THE DSrVENTlON ARB AS FOLLOWS: 

5 1 A metiiod of manti&ctard of a vethiole moutifed roteiy conciete mixing drum 

of fte type faaviiig an openiog at one end fin* xecming and/or discdiarge of concrete 
therefrom and at the other end^ msam for engaging a drive assembly so 8$ to rotate the 
drum for mixing or discharging concrete; wherein, the drum is manufactured from at 
least one nsould vsing at least one plastics material; ^vhcrein the drum further includes 
10 integrally attached vanes which oulstand from the intema] suffice of the dnm fynmng an 
erchnnedian spiiai disposed such that when die drum is rotated in a first direction, tibe 
concmte contents are mixed and when the dmm is rotaled in a second directiM the 
contents axe discharged from said drum; wherein^ ihe method comprises the steps of ; 

a) preparing a first generally helical inner naold part containing a surfice extending 
15 between first and second helical edges; 

b) mounting the first helical inner mould part on a s\q3port 

c) enclosing the inner helical'mold assembly within an outer mould fbrmed by at least 
one outer mold part; 

d) fitting a second mating inner helical moM part to 
20 inner tusAd asscmbt^; 

e) ixyecting a polyurelhane elastom^ into a cavity defined by said inner mold asseoibly 
and the outer moidd assembly to form an inner wall element conoprisnDtg one half of 
an interior wall of the mixer atid one helical blade; 

f) allowing said pofyurethane to cure; 

25 g) removing said at least one outer mold parts to eTqpose said ixmerwaU el 
h) removing said inner wall element one of said inner molds; 

2 A^ method according to claim 1 comprising the additional step of placing a 

reinforcing noenaber in a recess ftmed in said inner moU 
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3 A mediod according to claim 2» vt^terexQ steps a) - h) are repeated tibmeby 
providiag a seootid helical inni^ wall element 

4 A method according to claun 3 wberoiu tlie first and second helical iimet v^U 
elements are coixqplimentaxy aod combine to form an inner wall sur&ce of the mixing 
dnmt 

5 A xnethod according to claim 4 compri9mg the further step of placing said first 
and second helical inner wall elements into a jig where opposing edges of said elemeots 
aie held adjacent; the waUelenaentsdefuun^ dmnL 

6 A anethod according to claim 5 wh^in said opposing edges are sealed to 
conopIetB said inner wall of saiddrmnL 

7 A method according to claim 6 (^mprising the fbulfaer sts^ of removing said 
ixmer wall from said jig and placing said inner wall on a mandrel such that the mandrel is 
disposed in said inner cavhy. 

8 A method according to claim 7 whi^ein the inner wall is placed on said 
mandrel via an open end of said inner wall 

9 A method according to claim 8 comprising the further step of applying 
structural layers of glass fibre reinforced plastic to the polyuretiifine inner layer. 

10 A method according to claim 9 wherein the internal sur&ce of the drum 
inchides an elastomer which allows nmdng of the conienis of the concrete at a concrete 
boundary layer; 

11 . A method according to claim 10 wl^iein said rein&rcing member is a 
cominnous rope inserted in a recess in said blades. 

12 A method of construction of a plastics ctmc^ctB mmn^ drum wherein the 

method includes the use of iimer and outer molds each made fiom separate moiald 
parts which are divided along two helical lines tbejeby aJlowittg formation of a drum 
interior wall from two con^lementary mould parts. 

13 A method of mannfectore of a vehicle iMunted rotaxy concrete mixing drum 
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of tiie type having an op^ng at one end for receiving and disohai^ of concrete 
tiierefiom and st fhe otber end mieans for ^agaging a drive assembly so as to rotate tbe 
dnmi for mixmg or dischaxguig concrete; wberein^ the drum is manu&cfeured Srom at 
least one itiner mould and at least one opposing outer mould; wherein the drum includes 

s integrally attached vanes which outstand fiom the internal sur&ce of the drum formipg an 
arobimedian spiral disposed such that v/bm Ae drum is rotated in a first directioa the 
concrete contents are mixed and when Ihe drum is totated in a second direction tfae 
contents aie discharges fiom said drum; and wherein the iotmial sur&ce of the drum is 
formed or lined with an elastomer which causes mixing of the contents of the concrete at 

10 the cx>ncrete boundary layer; wherein the method comprises the steps of ; 

a) prepariti^ a Srst inner helical mold containing a surlGaice intermediate side edges of 
the mould; 

b) pJacing a reinforcing rod in a recess in said inner mold; 

15 c) enctosing the loner heHcal mold assexnbly within at least one o^^ 

d) sealingajointbetweensaidinnermoldpartandsajdatle^ 

e) jqlecthiig a polyurethane elastomer it^ and said 
at least one outer noold part to form an inner helical wall element conqxising one half of 
an ijxterioroffhe mixer and one helkal blade; 

ao g) allowing said polyurelhane to cure; 

h) removing said at least one outer mold parts; 

i) removing one of said inner molds; 

j) removing the interior polyurethane inner helical wall element molding fiom the 
remainder of the inner mold assembly; 
25 k) repeating st^s a) -j) to form a second inner wall element 

14 A method according to chum 13conqirtsingthefiirtfaiK'stBpsof: 
a} placing a second im^srwaUelens^ntaloz^ with said 

a jig wfaeie the jointing surfiices are held adjacent so as to form an inner w^^^ 
b) sealing thejoinfmned^ said jointing sur&ces. 

.30 

15 A method acceding to claim 14 wherein compising .the additional step of 
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a) inserting a mandrel inloanopendisdiargeend ofa dnmilotErior; 

b) xmding structiiml layers of glass fibre ieuifi>roed plastio about an outier suifice of 

said inner wall. 

16 A ttnothod of construction of a plastic 

5 a) preparing a filSt fanM' nMA Mntamm^ a flurffl/^ft ftvtftfiHtng frnrn a ji%\nf liitft mirftyay 

between two hdSoalbkdes to a mid line m<nddjoii^ at an ixm^r edge of said blades; 

b) placing a reinfiming rod in a leoessm said inner mold; 

c) fitting a second mating iioaaer helical mold to fonn an imier mold assemb 

d) enclosing the inner helical moM assembly wxth^ 

10 e) sealing a joint between said inner mold assenoibly and said at least Ozie outer mold 
part; 

injecting a po^oxtetliane elastomer into a cavxQ^ defined by said inner mold assembly and 
said at least one outer mold part to form one half of the interior of fbe mixer and one of 
the helical blades; 
15 f) allowing said polyurelirane to cur^ 

g) removing said at least one outer mold parts; 

h) removing one ofsaid inner molds; 

i) removing ifae intedcKr polyurettaaite moldixig from the remainder of the inner mold 
assembly; 

20 j) pladng said two helical blade and interior moldings in a jig where the jointing 
surfices are held adjacent; 

k) inserting a naandiel into an open discharge end of the drum; 

1} applying stmotuml layers of glass fibre reinforced plastic the polyurethane layer. 

25 17 A me&od according to any of fhe foregoing claims v^^imin the xeinf<»x:ing is 

fitted with spacers which centralize the rod in its recess. 

18 A method according to claim 17 wherein, the first and second inner helical 

mold elemyents axe jointed with a sealing compound or gaskets along an inner edge. 

30 19 A method according to claim 17 "vrfimin the outer mold is finrncd in three 

sepamto mold pans. 

20 A method according to claim 19 ni^erein^ the joint between said two inni^ 

helical elements forming a helical blade is made with a polyxiretbane elastomer 
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GompotttKL 

21 A method of manu&cture of a vehicle x3K>unted concrGte tnixizig drum 
conoprising llie steps of; 

a) faking a helical itm&r mould part and moimtmg tibe mould on a support 

b) placing at least one external mould in opposing relationship to said Inner mould; 

o) injecting a flowabk material into a space formed between said inner mould and said 
outer mould such lhat the flowablo xnaterial forms a helical element, which will form 
at leaftt part of an inner sur&ce of said drum; 

d) reniovtag the at least one outer mould; 

e) lemoving the helical elen:v^firom said inn^ 

f) repeattDig stqps a) - e) s o as to form a second helical element; 

g) pxepacixigm<»il9erior8ur&ceoftheh^ 
of glass fibre. 

22 A methodaccordixigto claim 21 whmin the flowablesnal^ 
polyurethane, 

23 A mettiod accordixKg to claim 22 wherein^ said first and se eond heUeal 
elements ane joined in a jig to fbnn an inner sur&ce of said drum. 

24 A method according to claim 23 comprising the finlher step of preparing an 
eTdieriQr sur&ce of the mixer for bonding to a sfnustural layer of ^dss fibre; 

25 A method according to claim 24 comprising the additional $tep of winding a 
structural layer of fiberglass about said <»cCarior sur&ce. ^ 

26 A vehicle mounted rotary conrarete mixing drum of ftie type, having an 
opening at one end fiir receivmg and/or discharge of concTBtB titere&om and at the other 
end, means for engaging a drive assembly so as to rotate the drum for mixing or 
discharging concrete; wbeiceiQ, the drum is manuftctoxed firom at least one mould using 
at least one plastics material; wheroin tibie drum finfhor includeis integrally attached vanes 
which Qutstand from the Intenial sur&ce of the drum fbrminig an aichimedian spiml 
disposed such that when the drum is rotated in a fitst direction, fbo concrete contents axe 
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mixed and when fbe ctrum is rotated in a second direction Ibe contents are discharged 
fi-om said dnxn^ wherein, fiie drum t& formed by a metbod comprising tiie steps of; 

a) preparing a first genieratty helical imier mold part oontaising a smfice extending 
between first and second helical edges; 

b) 3a»>uotiog'aiefibrstheUcalimiermouldpaitona8ijpport 

c) emiosmg ttie inner helical mold assembly within an oiit^ mould formed by at least 
one outer mold part; 

d) fitting a second mattes inner l^eUcalmoM part to the fitet inner mouJ^ 
inner mold assembly; 

e) injcctbg a pplsoirethanc elastomer into a cavity defined by said inne^ mold assembly 
and the outer mould assembly to form an inner wall element comprising one half of 
an interior wall of the mixer and one helical blade; 

f) allowing said polyurelhane to our^ 

g) lenaoving said at least one outer mold parts to expose said » 

h) rraioving said ixmerwaUelemi^onc of said inner molds; 

27 A vehicle moxmted concrete mmng drum fbimed by a method of manu f acture 
comprising the steps o^ 

a) takrog a helical inner nu>uld part and mounting the imiu^^ 

b) placing at least one external mould in opposing reIationshq> to said inner mould; 

c) infecting a flowable material into a space formed between said inner mould and said 
outer mould such that tbeflowablemaierial forms a faelical element which will form 
at least part of an inner surfitce of said drum; 

d) removing tbe at least one outer mould; 

e) remo^raig the heUcaJ element fiom said inner mould; 

f) repeating steps a) - e) so as to forma second helical element; 

g) preparing an exterior siD:fiu»oftheheh(^ dement 
of glass fidm. 

28 A concrete mixing drum accordingto claim 27 wherein the flowable mat^ial 
is polyurethane. 

29 A concrete loixing drum according to claim 27 wherein helical blades 
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projecting jGrom an inner surfkoe of said dnun bave a pitch dimension of between 1- 2 
m&fers and are &nned by elastomBric xoalerial 

30 A mixing diupiaccoidinglo claim 28 iv^^ llie wall $trCTgaL of said dnnn 
is around 600Iv3Pa at a wall thickness of Smm. 

31 A nijxinig drum according to claim 29 wbereio the polyuretbane forms an 
inner layer which is approximate^ Saun llsick. 

32 A mixmg drum accoiding to claim 31 wherein and daid structinBJ* layer 
coopr^ filament winding forming a layer of approximately 5mm thxckn^s. 
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